In JPEG2000 block coding, all coding passes are generated before rate allocation is performed among code-blocks. Unwanted passes are then discarded. For low bit-rate coding, this results in discarding of a large number of coding passes. In this letter, we propose a rate-distortion estimation method that enables pre-compression rate-distortion optimization to be carried out, wherein only the required passes need to be coded. Experiments using the proposed technique demonstrate speedup factors ranging from 1.17 to 1.78 at 0.0625 bpp, for JPEG2000 compression.
bit rates, a large number of coding passes are discarded. It is possible to speed up the encoder, if coding of unnecessary passes can be avoided.
Considerable effort has been expended recently [3−7] to speedup the block coding engine and speedup results for Tier-1 of block coding have been reported, based on this idea. However, information on the speedup obtained for the overall JPEG2000 encoding process is not available in the literature. In this letter, we propose a simple and efficient technique to estimate ratedistortion characteristic of each code-block. This enables us to perform precompression rate-distortion optimization and thus avoid coding of the unnecessary passes. We compare the speedup obtained for Tier-1 coding using the proposed method, with the previous attempts. We also report the speedup values obtained for the whole compression process.
Motivation:
EBCOT retains the required number of coding passes from the sub-bit-stream of each code-block, based on a post-compression ratedistortion optimization (PCRD-opt) algorithm [2] .
Optimization requires knowledge of the contribution of each coding pass or fractional bit-plane towards increase in rate and reduction in distortion. We have observed that based on the significance information derived from each code-block, it is possible to quickly estimate the rate-distortion values for each bit-plane. This observation is the basis of our procedure, which is now described.
Proposed rate-distortion estimation: A code-block coefficient is said to become significant in bit-plane i if that bit plane holds the most significant (non-zero) bit of the coefficient. We number the bit-planes starting from 1 for the least significant bit-plane to N for the most significant bit-plane. The coefficient which becomes significant in bit-plane i is said to be in a state of magnitude-refinement for all bit-planes < i and insignificant for bit-planes > i.
We define two metrics (1) is based on the expression for expected distortion reduction for magnitude refinement coefficients, derived in [8] . The factor 2 in equation (2) accounts for the fact that whenever a coefficient becomes significant, its sign bit is also coded. 
where the subscript E indicates that it is the estimated value. K . We have used Jasper software [10] for obtaining the rate-distortion statistics. The distortion measure used is the mean square error. We have tested our proposed technique on a different set of grayscale images, after modifying Jasper for our method. For all subbands other than LL, we estimate the ratedistortion values for each code-block, using our algorithm. For the LL subband, we code all the passes and obtain the rate-distortion values from the actual measured parameters. We then perform a Lagrangian optimization to compute the required number of passes. After this, we code only the required passes for code-blocks in the non-LL subbands. In the LL subband, we discard the unnecessary passes. The results are given in Table 1 . We have employed 3 levels of (9, 7) coding. ∆PSNR is the drop in PSNR value due to our method, compared to PCRD-opt, while ∆R is the deviation in achieved rate from the target rate.
Speedup reported is with respect to the original Jasper implementation (that employs PCRD-opt) for the overall compression process. Speedup results include the overhead due to rate-distortion estimation. The results indicate that large speedup ratios are attainable, with small deviation from target rate and small PSNR drop. Table 2 compares our technique with the existing methods present in the literature. In the literature, three different measures for Tier-1 coding speedup have been used. We compare our method using all the three measures. The results in [3] , [5] and [6] are an average over a set of images. This is used here as it is. Refs [4] and [7] have separate results for different images. The best and worst case results are respectively presented here. Similarly, the best and worst case results of our proposed technique are also given. Our best-case results are better than the other results in the table. Our worst-case results fall slightly below a few of the other results. However, our ∆ PSNR values are better in these cases. The efficiency of our technique is demonstrated by the overall speedup achieved (Table 1) .
Conclusions:
We have presented a simple and efficient method to estimate rate-distortion statistics of each code-block. We have demonstrated that a rate-distortion estimation strategy is useful for speeding up JPEG2000 at low bit rates. The proposed technique achieves speedup with very low degradation in decoded picture quality and very small deviations from the target bit rate. 
